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Extended-release ketamine tablets 
for treatment-resistant depression: a 
randomized placebo-controlled phase 2 trial

Paul Glue    1 , Colleen Loo2,3, Johnson Fam4, Hsien-Yuan Lane    5,6, 
Allan H. Young7, Peter Surman8 & BEDROC study investigators*

Ketamine has rapid-onset antidepressant activity in patients with 
treatment-resistant major depression (TRD). The safety and tolerability of 
racemic ketamine may be improved if given orally, as an extended-release 
tablet (R-107), compared with other routes of administration. In this 
phase 2 multicenter clinical trial, male and female adult patients with 
TRD and Montgomery–Asberg Depression Rating Scale (MADRS) scores 
≥20 received open-label R-107 tablets 120 mg per day for 5 days and were 
assessed on day 8 (enrichment phase). On day 8, responders (MADRS 
scores ≤12 and reduction ≥50%) were randomized on a 1:1:1:1:1 basis to 
receive double-blind R-107 doses of 30, 60, 120 or 180 mg, or placebo, twice 
weekly for a further 12 weeks. Nonresponders on day 8 exited the study. The 
primary endpoint was least square mean change in MADRS for each active 
treatment compared with placebo at 13 weeks, starting with the 180 mg 
dose, using a fixed sequence step-down closed test procedure. Between 
May 2019 and August 2021, 329 individuals were screened for eligibility, 231 
entered the open-label enrichment phase (days 1–8) and 168 responders 
were randomized to double-blind treatment. The primary objective was 
met; the least square mean difference of MADRS score for the 180 mg tablet 
group and placebo was −6.1 (95% confidence interval 1.0 to 11.16, P = 0.019) 
at 13 weeks. Relapse rates during double-blind treatment showed a dose 
response from 70.6% for placebo to 42.9% for 180 mg. Tolerability was 
excellent, with no changes in blood pressure, minimal reports of sedation 
and minimal dissociation. The most common adverse events were headache, 
dizziness and anxiety. During the randomized phase of the study, most 
patient dosing occurred at home. R-107 tablets were effective, safe and well 
tolerated in a patient population with TRD, enriched for initial response to 
R-107 tablets. ClinicalTrials.gov r eg is tr at ion: A CT RN 12 61 8001042235.
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more treatment-responsive sample and, thus, increasing effect size14. 
A similar design was used in Daly’s esketamine randomized withdrawal 
study15. We included a dose-finding component in our double-blind 
relapse prevention phase as it was unclear what the effective oral dose 
range might be.

Results
Between May 2019 and August 2021, 329 individuals were screened for 
eligibility, 231 entered the open-label enrichment phase (days 1–5). At 
day 8 assessment, 132/231 (57.1%) of participants were in remission, 
and 168/231 (72.7%) were responders. After exclusion of nonrespond-
ers, the 168 responders were randomized to double-blind treatment 
(see CONSORT diagram in Fig. 2). Participant demographic details are 
provided in Table 1. Mean pretreatment Montgomery–Asberg Depres-
sion Rating Scale (MADRS) scores were approximately 30, and mean 
number of failed antidepressant trials was approximately 4.8 (Table 1). 
By the end of the study (day 92), 100 participants had discontinued, of 
whom 94 were for lack of efficacy as defined by an MADRS total score of 
≥22 (placebo, 26; 30 mg, 22; 60 mg, 19; 120 mg, 16; 180 mg, 11) (Fig. 2). 
The proportion of participants who completed the study ranged from 
29.7% in the placebo arm through to 56.2% for the 180 mg dose arm, with 
higher proportions of completers associated with higher R-107 doses. 
Treatment compliance was high, with almost all participants (96.4%) 
reported to have compliance of 80% or more (at home and in clinic).

Primary outcome
Estimated marginal mean reductions at days 36, 64 and 92 are presented 
in Extended Data Table 1. Numerically, greater mean reductions in 
the MADRS total score from baseline to day 92 were observed in all 
treatment groups compared with placebo (R-107 30 mg: 1.9 (95% con-
fidence interval (CI) −3.08 to 6.92), P = 0.450; 60 mg: 0.7 (95% CI −4.32 
to 5.70), P = 0.785; 120 mg: 4.5 (95% CI −0.60 to 9.69), P = 0.083). The 
largest reduction was in the 180 mg treatment group: 6.1 (95% CI 1.00 
to 11.16; P = 0.019), and this result was statistically significant. Mean 
(standard deviation, s.d.) reductions in MADRS scores by treatment 
group are presented in Table 2. The 120 mg and 180 mg dose groups 
had lower mean reductions (<10 points) compared with lower-dose 
groups. Compared with placebo, numerically greater reductions in day 

Over the past two decades, there has been a growing evidence base 
demonstrating the rapid-onset antidepressant properties of ketamine 
in patients with treatment-resistant depression (TRD). The majority of 
published research has been with off-label use of racemic ketamine1, 
most commonly administered intravenously, with a more recent regula-
tory approval of intranasal esketamine for TRD2. Only 2/72 treatment 
arms in published randomized controlled trials for TRD involved oral 
dosing1. Ketamine and esketamine can be effectively administered via 
multiple routes, with higher doses associated with greater improve-
ment in depression compared with lower doses1. Published dose ranges 
and bioavailability vary by formulation and route of administration3.

The pharmacology of ketamine relating to its antidepressant activ-
ity has been linked to several of its metabolites, including norketamine 
and the hydronorketamines4,5. After oral dosing, pharmacokinetic 
exposure to norketamine and the hydronorketamines is considerably 
more prolonged than exposure to ketamine6. Furthermore, ketamine 
is still active as an antidepressant even when dosed by routes where 
bioavailability of parent ketamine is low7. A synthesis of these obser-
vations suggests that ketamine may be acting as a prodrug, where 
its antidepressant activity is substantially due to its metabolites. A 
meta-analysis of ketamine formulations identified that formulations 
that maximize first-pass metabolism of ketamine and delay time to 
maximum concentrations were better tolerated (less dissociation) 
and safer (less blood pressure change) than formulations that lack 
those characteristics8. We hypothesized that an extended-release 
tablet formulation of ketamine could be an effective and well-tolerated 
treatment option for patients with TRD. Details of the formulation and 
its pharmacokinetic profile have been published9,10. Due to its pronged 
absorption phase, it undergoes extensive first-pass metabolism, and 
its absolute bioavailability is <20% (ref. 8). In this Article, we report on 
a multicenter phase 2 study of the extended-release ketamine tablets 
(R-107) in patients with TRD.

The study design for this proof-of-concept trial is shown in Fig. 1. 
We chose this design owing to observations that acute antidepressant 
clinical trials in non-TRD depression have high failure rates (inability to 
separate clinical response between active and placebo arms), as high as 
50% (refs. 11,12). Failure rates can be reduced by using an enrichment 
design, in which nonresponders to acute treatment are excluded, fol-
lowed by a subsequent relapse-prevention phase in treatment respond-
ers13; study failure rates using this design are as low as 25%. Temple has 
described this strategy as a type of predictive enrichment, producing a 
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Fig. 1 | BEDROC study design. BIW, twice-weekly dosing; RCT, randomized 
controlled trial.
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Fig. 2 | BEDROC patient disposition. CONSORT diagram indicating patient 
numbers and disposition throughout the trial. BIW, twice-weekly dosing; RCT, 
randomized controlled trial.
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92 MADRS scores (95% CI) were observed for females (−10.1 (−18.7 to 
−1.5)) compared with males (−4.2 (−10.8 to 2.4)), patients younger than 
65 years (−6.9 (−12.3 to −1.6)) compared with patients 65 years and older 
(0.1 (−23.4 to 23.7)), those taking antidepressants (−6.5 (−12.5 to −0.6)) 
compared with those not taking antidepressants (−2.5 (−12.6 to 7.7)), 
and those with greater than median body weight (−7.1 (−14.0 to −0.1)) 
compared with those below median body weight (−5.3 (−13.1 to 2.5)).

Secondary efficacy outcomes
During the open-label enrichment phase (days 1–8), there was mean 
reduction in MADRS total score of 18.5 points (95% CI 17.37 to 19.69) 
at day 8. A total of 132 participants (57.1%) of the 231 enrolled in the 
enrichment phase achieved remission with as MADRS total score ≤10 
at day 8. A total of 168 participants (72.7%) of the 231 patients enrolled 
in the enrichment phase achieved a response to treatment, defined as 
≥50% reduction from baseline in MADRS score at day 8.

Rates of remission and response at week 13 were numerically 
greater for the active treatment arms compared with placebo; however, 
these were not statistically significant (remission) or were significant 
for only the 120 mg dose group for treatment response (48% versus 
24.3%, P = 0.046; Extended Data Tables 2 and 3). Compared with base-
line, Clinical Global Improvement-Severity (CGI-S) scores improved in 
participants randomized to ketamine; however, this was not statisti-
cally significant compared with placebo. With the exception of the 

60 mg dose group, the 120 mg and 180 mg ketamine dose groups had 
higher probability of improvement in depression severity from the  
subject’s perspective, using the Patient Global Impression-Improvement 
(PGI-I) scale, compared with the placebo group (OR (95% CI) 30 mg: 0.52 
(0.09 to 2.78); 60 mg: 1.62 (0.36 to 7.42); 120 mg: 0.28 (0.06 to 1.25); 
180 mg: 0.82 (0.19 to 3.51) (where ‘OR’ is ‘odds ratio’ and ORs <1 signify 
higher probabilities for the active treatment group for lower categories 
compared with the placebo group; Extended Data Table 4).

Temporal trends in relapse and numbers of patients in each dose 
group are shown in the Kaplan–Meier plot in Fig. 3. The majority of 
relapses occurred within the first 4 weeks of double-blind treatment. 
The median relapse time after randomization increased with higher 
R-107 doses (placebo: 45 days; 30 mg: 28 days; 60 mg: 56 days; 120 mg: 
64 days; and 180 mg: >85 days). The difference in the restricted mean sur-
vival time for the 180 mg treatment group was statistically significantly 
greater compared with the placebo group (19.0 (95% CI 4.9 to 33.1)).

Safety outcomes
Adverse events were rated predose and postdose before leaving 
clinic, and on scheduled telephone calls. During the open-label 
enrichment phase, the most common adverse events included  
dizziness, headache, dissociation, feeling abnormal, fatigue and  
nausea. Twenty-six participants (11.6%) reported dissociation. Mean 
dissociation (Clinician-Administered Dissociative States Scale, CADSS) 

Table 1 | Baseline characteristics of study participants enrolled in the randomized double-blind phase

Placebo R-107 30 mg R-107 60 mg R-107 120 mg R-107 180 mg P value for 
difference 
between 
treatment groups

n 37 34 34 31 32 N/A

Age, years
Mean (s.d.) 43.7 (15.43) 44.6 (12.89) 42.5 (15.80) 47.2 (13.80) 46.8 (11.90) 0.6063

Median (IQR) 42 (31–57) 45.5 (34.75–51.5) 40.5 (28.5–53.75) 48 (33.5–60) 46 (36–56.25) N/A

Sex (M/F) 22/15 18/16 18/16 13/18 21/11 0.4096

Number of prior 
depressive episodes

Mean (s.d.) 3.9 (7.42) 3.2 (4.33) 3.1 (3.21) 4.4 (4.67) 1.8 (1.59) 0.3526

Median (IQR) 1 (1–3) 1 (1–3) 1 (1–4.5) 2 (1–4) 1 (1–2) N/A

Treatment resistance—
mean number of past 
failed ADs in this episode

Mean (SD) 4.8 (2.84) 5.0 (2.74) 4.6 (2.70) 4.8 (3.39) 4.7 (2.74) 0.9871

Median (IQR) 4 (3–5.75) 5 (2.5–6) 4 (2.25–6) 3.5 (2–5.75) 4 (3–6) N/A

Failed ECT pre-study (%) 2 (5.4%) 4 (11.8%) 1 (2.9%) 5 (16.1%) 2 (6.2%) 0.3372

Number taking ADs pre-study entry (%) 34 (91.9%) 32 (94.1%) 31 (91.2%) 31 (100.0%) 28 (87.5%) 0.361

Day 1 MADRS score
Mean (SD) 30.2 (4.48) 29.9 (4.14) 29.3 (5.80) 31.4 (5.19) 29.9 (4.61) 0.5111

Median (IQR) 30 (27–34) 29.5 (27.25–31.75) 29 (25.25–31.75) 31 (28–34) 29 (27.5–34) N/A

P values are calculated using Fisher’s exact test for the number of prior depressive episodes, failed ECT pre-study, and number taking ADs pre-study entry; and analysis of variance (ANOVA) for 
age and day 1 MADRS score. The ANOVA was based on regressing the variable (treatment resistance, MADRS and so on) on the dose group. AD, antidepressant; ECT, electroconvulsive therapy; 
IQR, interquartile range; N/A, not available.

Table 2 | Estimated marginal mean (95% CI) reduction in MADRS scores from baseline on days 8, 36, 64 and 92, by treatment 
group, in the double-blind treatment phase, with last observation carried forward approach

Day Statistics Placebo (N = 37) R-107 30 mg (N = 34) R-107 60 mg (N = 34) R-107 120 mg (N = 31) R-107 180 mg (N = 32)

Day 8 Mean (95% CI) 22.6 (21.63 to 23.62) 22.1 (21.09 to 23.17) 23.0 (21.99 to 24.08) 22.1 (20.97 to 23.16) 22.3 (21.25 to 23.39)

Day 15 Mean (95% CI) 17.8 (15.04 to 20.49) 17.4 (14.55 to 20.23) 16.5 (13.62 to 19.31) 16.1 (13.15 to 19.13) 20.5 (17.53 to 23.39)

Day 22 Mean (95% CI) 14.6 (11.50 to 17.65) 15.0 (11.77 to 18.18) 12.6 (9.39 to 15.81) 14.3 (10.88 to 17.63) 18.9 (15.64 to 22.25)

Day 29 Mean (95% CI) 14.8 (11.46 to 18.19) 13.0 (9.50 to 16.52) 11.5 (7.94 to 14.97) 13.5 (9.77 to 17.16) 18.0 (14.43 to 21.66)

Day 36 Mean (95% CI) 12.8 (9.28 to 16.28) 12.9 (9.26 to 16.56) 10.8 (7.17 to 14.49) 13.2 (9.31 to 17.00) 15.9 (12.15 to 19.67)

Day 64 Mean (95% CI) 8.4 (5.01 to 11.79) 10.5 (6.99 to 14.07) 8.9 (5.40 to 12.49) 12.4 (8.66 to 16.12) 15.4 (11.73 to 19.03)

Day 92 Mean (95% CI) 8.0 (4.49 to 11.41) 9.9 (6.26 to 13.48) 8.6 (5.02 to 12.26) 12.5 (8.69 to 16.30) 14.0 (10.31 to 17.75)
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scores were <3 for all participants throughout this phase. Mean blood 
pressure changes after 5 days of open-label 120 mg daily dosing in the 
enrichment phase were systolic and diastolic blood pressure changes 
of −1.2 mmHg and −0.1 mmHg, respectively.

The most common side effects reported in the double-blind treat-
ment phase are presented in Table 3. The majority of these were of 
mild intensity (131 subjects; 56.7%) or moderate intensity (42 sub-
jects; 18.2%). Mean CADSS scores were <1 point at all visits during the 
double-blind phase of the study. Sedation of mild severity was reported 
by a total of five participants (30 mg, n = 4; 120 mg, n = 1). Mean CADSS 
scores were <1 point at all time points during this phase of the study. 
Mean ratings of cystitis symptoms using the BPIC-SS questionnaire 
remained less than 3 points throughout the study, out of a maximum 
of 38, with no differences between placebo and 180 mg dose groups.

During double-blind treatment, there were ten severe adverse 
events in eight participants: severe headache (30 mg and 60 mg dose 

groups); severe depression (120 mg and 180 mg dose groups); completed 
suicide at day 42 in a 65-year-old male (180 mg dose group); noncardiac 
chest pain (60 mg dose group); nausea (30 mg dose group); interver-
tebral disc protrusion (120 mg dose group); and nephrolithiasis and 
ureterolithiasis (in one participant in the placebo group). Five subjects 
experienced serious adverse events (SAEs): three participants in the 
180 mg group (wound dehiscence (n = 1), suicidal ideation (n = 1) and 
completed suicide (n = 1); one participant in the 60 mg group had non-
cardiac chest pain; and one participant in the placebo group had a urinary 
calculus. None of the SAEs was considered treatment related (the suicide 
was considered by the site principal investigator to be due to the disease 
under study), and all SAEs resolved except for the completed suicide.

There were no changes of note in safety laboratory tests, urinaly-
ses, vital signs, body weights or electrocardiograms (ECGs). There 
were no changes of note in Brief Psychiatric Rating Scale (BPRS+) or 
Montreal Cognitive Assessment scores during the study.
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Fig. 3 | Kaplan–Meier analysis of the percentage of patients remaining in 
the trial in the enrichment phase of BEDROC stratified by dose group. The 
number of patients at risk at days 8, 22, 36, 50, 64, 78 and 92 is presented in the 

table below the figure. The difference in the restricted mean survival time for the 
180 mg treatment group was statistically significantly greater compared with the 
placebo group (19.0 (95% CI 4.9 to 33.1)).

Table 3 | Treatment-emergent adverse events occurring in >10% of study participants in any dose arm enrolled in the 
randomized double-blind phase

Placebo  
(n = 37)

R-107 30 mg 
(n = 34)

R-107 60 mg 
(n = 34)

R-107 120 mg 
(n = 31)

R-107 180 mg 
(n = 32)

P value for difference 
between dose groups

Headache 6 (16.2%) 10 (29.4%) 11 (32.4%) 6 (19.4%) 6 (18.8%) 0.4314

Dizziness 3 (8.1%) 4 (11.8%) 5 (14.7%) 5 (16.1%) 9 (28.1%) 0.2475

Anxiety 2 (5.4%) 3 (8.8%) 1 (2.9%) 6 (19.4%) 6 (18.8%) 0.0992

Depression 2 (5.4%) 4 (11.8%) 5 (14.7%) 2 (6.5%) 3 (9.4%) 0.7087

Dissociation 0 (0.0%) 1 (2.9%) 1 (2.9%) 2 (6.5%) 5 (15.6%) 0.0518

Nausea 3 (8.1%) 3 (8.8%) 2 (5.9%) 3 (9.7%) 5 (15.6%) 0.7683

Feeling abnormal 2 (5.4%) 5 (14.7%) 1 (2.9%) 2 (6.5%) 3 (9.4%) 0.4702

Fatigue 3 (8.1%) 1 (2.9%) 0 (0.0%) 4 (12.9%) 2 (6.2%) 0.1944

URTI 4 (10.8%) 3 (8.8%) 2 (5.9%) 2 (6.5%) 3 (9.4%) 0.9627

The P values were calculated using Fisher’s exact test for the differences between dose groups. URTI, upper respiratory tract infection.
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Discussion
In this study, 231 patients with TRD were treated with R-107 120 mg per 
day for 5 days, and 168 (72.7%) were included as an enriched responder 
population who were randomized to a range of double-blind R-107 
doses or placebo for the next 12 weeks. In this double-blind phase, the 
180 mg dose given twice weekly showed statistically significant and 
clinically meaningful improvement in depressive symptoms based 
on MADRS score compared with placebo, with a group-treatment 
difference of 6.1. Side effects commonly observed in clinical trials of 
injected or intranasal ketamine (for example, dissociation, sedation 
and increased blood pressure) were minimal, and overall tolerabil-
ity was good. Most patient dosing during the double-blind phase 
occurred at home.

Acute placebo-controlled antidepressant clinical trials in 
non-TRD patients have high failure rates, up to 50% (refs. 11,12). Study 
failure rates in patients with TRD may be similarly high (47%), based 
on the proportion of industry-funded studies of ketamine or esketa-
mine registered on clinicaltrials.gov between 2010 and 2022, where 
no results have been published. As discussed in the introduction, 
failure rates (inability to separate responses between active and pla-
cebo arms) can be reduced by using an enrichment design to remove 
treatment nonresponders, before a double-blind relapse-prevention 
phase13, and is consistent with a regulatory guidance on enrichment 
designs16. Failure rate across all studies using this design was 25% (ref. 
13). We included a dose-finding component in the double-blind phase 
of the present study as it was not clear what the effective oral dose 
range might be. The R-107 dose used in the enrichment phase (120 mg 
daily for 5 days) was based on observations from case reports from 
patients with pain and TRD receiving continuous ketamine infusions 
for 5 days, who reported mood improvements occurring by 24–72 h 
(ref. 17). The tablet formulation’s sustained exposure to norketa-
mine over 24 h after once-daily dosing provided a similar prolonged 
pharmacokinetic exposure9. Ketamine dosing was open-label dur-
ing the enrichment phase; therefore, the high remission (57.1%) and 
response (72.7%) rates for participants during this phase have to be 
considered cautiously due to likely expectation effects18. During the 
double-blind treatment phase, clear dose responses were observed, 
for the proportion of patients relapsing and median time to relapse, 
and there were dose-related trends for reductions in the MADRS total 
score. Most relapses in the 0–120 mg dose groups occurred within 
1 month of randomization (Fig. 3). Only the mean between-group 
treatment difference between the 180 mg and placebo groups (−6.1) 
was statistically significant, and this value exceeds the minimum clini-
cally important difference threshold for antidepressants reported in 
the literature19.

The relapse rates between weeks 2 and 13 in patients randomized 
to the placebo and 180 mg dose groups (70.3% and 43.7% respec-
tively) are both higher than those reported in a meta-analysis of 
relapse-prevention studies of antidepressants in non-TRD patients13 
and in patients with TRD enrolled in an esketamine randomized with-
drawal study15 (Extended Data Table 5). This could be due to the much 
shorter duration of open-label dosing in the present study (5 days) com-
pared with 16 weeks in patients with TRD15, and a mean of 16.4 weeks 
in non-TRD patients with depression13. These longer dosing periods 
before randomized withdrawal could select for stable responders, 
which would reduce subsequent relapse rates.

Many of the secondary efficacy outcome variables also showed 
dose-related trends compared with placebo; however, these were not 
statistically significant, presumably because of small dose group sizes, 
which may have reduced statistical power.

Commonly reported adverse events during the open-label 
enrichment phase included dizziness, headache, dissociation, 
feeling abnormal, fatigue and nausea. The intensity of dissocia-
tion in the 26 participants (11.6%) who reported this adverse event 
was minor, as demonstrated by mean CADSS scores of 3 or less for 

all participants. The most common side effects reported in the 
double-blind relapse-prevention phase were headache, dizziness, 
anxiety, depressed mood and dissociation (Table 3), most of which 
were mild to moderate in intensity. Other notable differences from 
adverse events commonly reported after administration of ketamine 
or esketamine20 were the absence of cardiovascular side effects, espe-
cially relating to increased blood pressure, low rates of dissociation 
and also very low rates of sedation. Mean ratings of cystitis symptoms 
using the bladder pain/interstitial cystitis symptom score (BPIC-SS) 
questionnaire remained less than 3 points throughout the study, 
out of a maximum of 38, with no differences between placebo and 
180 mg dose groups.

Another common concern about most currently available keta-
mine and esketamine formulations is the risk of diversion and abuse21. 
The extended-release ketamine tablets used in this study are exception-
ally hard and difficult to shatter, due to annealing of polyethylene oxide 
during their manufacturing process10. This property may make this for-
mulation less likely to be diverted for abuse, due to difficulty in manipu-
lation of the tablets. We were not aware of any participants reporting 
craving for the tablets, and only one participant was removed from the 
study for lack of compliance. Most of the dosing of double-blind tablets 
after day 8 occurred at home rather than in clinic, and clinic visits were 
brief, which participants anecdotally reported to be convenient. These 
attributes potentially improve scalability of ketamine use in the com-
munity, due to reduced need for in-clinic monitoring, and would also 
reduce costs associated with clinic visits.

There are several important limitations to the trial. The study 
design (enrichment followed by relapse prevention) was intended 
to reduce risk of study failure13. Because this type of design elimi-
nates nonresponders before randomization, this strategy is likely 
to overestimate population levels of treatment response to R-107, 
and future unenriched clinical trials are needed to address this issue. 
There are relatively few data for efficacy and tolerability after oral 
ketamine dosing compared with intravenous or intranasal dosing, and 
it is not possible to directly compare the present study’s findings with 
studies using nonoral routes of administration. This study included 
both participants established on antidepressants (n = 165) as well as 
those who were not on antidepressants (n = 60). Secondary analyses 
did not show differences in the acute (open-label phase) response 
to ketamine (the mean (95% CI) reduction in MADRS score for those 
taking an antidepressant was −19.2 versus −16.6 for those not tak-
ing an antidepressant (−2.6 (−5.19 to 0.02)). During the double-blind 
phase, there was a small but statistically significant greater reduction 
in MADRS scores at day 92 in patients taking antidepressants than 
those not respectively, −6.5 (−12.5 to −0.6) versus −2.5 (−12.6 to 7.7). Fur-
ther larger studies are required to determine if these two populations 
respond differently to oral ketamine. Also, the protocol did not require 
patients to start a new antidepressant at the time of starting study 
medication, as this design would have complicated interpretation of  
this intervention.

In conclusion, extended-release R-107 tablets were effective, safe 
and well tolerated in an enriched patient population with TRD. Use 
of an extended-release oral dosage ketamine formulation may be 
advantageous compared with intranasal or intravenous dosing, in 
terms of reduced intensity of dissociation, lower risk of abuse, reduced 
frequency and intensity of sedative and cardiovascular side effects, and 
improved convenience for administration in the community.
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Methods
Study design and oversight
This phase 2 multicenter clinical trial recruited participants from 20 
psychiatric clinics in New Zealand, Australia, Singapore and Taiwan. The 
trial design included an initial 1-week open-label enrichment phase to 
exclude nonresponders, followed by a 12-week double-blind relapse 
prevention phase in participants who were treatment responders in the 
enrichment phase (Fig. 1). The trial was conducted in accordance with 
the ethical principles stated in the Declaration of Helsinki and Good 
Clinical Practice quality standards, and is reported in accordance with 
the CONSORT 2010 statement. The protocol, consent forms and associ-
ated documents were approved by local or national ethics committees. 
A copy of the protocol and statistical analysis plan are included with 
Supplementary Information. This study was prospectively registered 
(ACTRN12618001042235).

Patients
We screened adult self-reported male and female patients (18–80 years) 
with DSM-5 major depressive disorder that was treatment resistant. 
This was defined as lack of clinically meaningful improvement despite 
the use of adequate doses of at least two antidepressant agents, derived 
from the group(s) of commonly used first-line treatment, prescribed 
for adequate duration. Adequate dose was defined as the minimum 
therapeutic dose as per the product label or maximum tolerated dose, 
and adequate duration was defined as a minimum duration of 6 weeks. 
Patients who provided written informed consent were eligible to enter 
screening. Patients’ depression scores, assessed using MADRS22, were 
20 or higher during screening. Any concurrent antidepressant medica-
tion had to be at stable dosage ≥4 weeks before study entry, and during 
the study. Key exclusion criteria included having severe medical dis-
orders, contraindications to the use of ketamine, clinically important 
findings on physical examination, safety laboratory tests or ECGs, 
serious risk for suicide, recent history of alcohol or drug abuse, or a 
history of bipolar disorder, schizophrenia or severe personality disor-
der. Detailed inclusion and exclusion criteria can be found in the study 
protocol (Supplementary Information).

Trial procedures, randomization and blinding
Patients who met eligibility criteria and completed screening received 
open-label R-107 tablets 120 mg per day for 5 days (days 1–5; enrich-
ment phase). On day 8, dosing responders (MADRS scores ≤12 and 
reduction ≥50% from baseline) were randomized on a 1:1:1:1:1 basis to 
receive double-blind R-107 doses of 30, 60, 120 or 180 mg, or placebo, 
twice weekly for 12 weeks; nonresponders exited the study. Each dose 
administered during the double-blind phase comprised three tablets 
that could contain 0, 30 or 60 mg R-107, to make up the allocated dose. 
Active and placebo tablets dispensed during the trial were identical 
in appearance. Randomization was by an automated integrated web 
response system. All patients, and all people involved in the conduct 
of the clinical trial were blinded to treatment allocation. During the 
double-blind relapse prevention phase, there were weekly clinic visits 
up to week 6, and clinic visits every 4 weeks up to 13 weeks. Medication 
compliance was monitored by participants completing a dosing diary 
that they brought to clinic visits for checking, plus return of investiga-
tional product containers. Participants also received scheduled phone 
checks from investigators at the study sites to enquire about compli-
ance; during these calls, patients were asked if they had experienced 
any adverse events. Patients who relapsed during double-blind treat-
ment (MADRS ≥22) were withdrawn from the study and could enter an 
open-label extension study.

Dose justification
The open-label R-107 used in the day 1–5 enrichment phase had previ-
ously shown onset of antidepressant activity by day 2 of dosing in a 
pilot study of R-107 in patients with TRD9. This method of dosing was 

intended to provide continuous exposure to ketamine metabolites 
and to recreate exposures that would occur in a continuous ketamine 
infusion paradigm previously reported to have rapid onset antidepres-
sant effects17. Doses used in the double-blind phase were intended to 
cover the range of oral doses reported to be active in a review of oral 
ketamine for depression23.

Endpoints
The primary efficacy endpoint was the change in MADRS total score 
from baseline (day 1) to day 92 (week 13). This was evaluated with 
analysis of covariance, with dose as a factor and baseline MADRS as a 
covariate. Time to relapse was another efficacy measure. Other efficacy 
measures included the PGI-I and CGI-S scales24. Safety assessments 
included safety laboratory tests (hematology and biochemistry), ECGs, 
Montreal Cognitive Assessment25 and verbal fluency tests, Columbia 
Suicide Severity Rating Scale26, BPIC-SS27 and the four-item positive 
symptom subscale of BPRS+ (ref. 28). Tolerability assessments included 
reported adverse events and CADSS (dissociation)29 scores.

Sample size and statistical analysis
The sample size calculation was based on the superiority of R-107 to 
placebo by a magnitude of six MADRS units, using an s.d. of change in 
MADRS of 7.5 units, a two-sided type 1 error of 0.05 and a power of 80%. 
A closed testing procedure was assumed whereby each dose group 
was compared with the placebo group in descending dose order, and 
26 subjects per group were required. Allowing for a 13% dropout rate 
and an attrition rate of 25% during the enrichment open-label phase, 
approximately 200 subjects were required initially in order to have 
150 subjects randomized to five treatment groups at the start of the 
double-blind randomized treatment phase.

The primary endpoint, change in MADRS total score from baseline 
(day 1) to day 92, was analyzed using analysis of covariance. The analysis 
was based on differences in MADRS total scores at day 92 from day 1 
MADRS total score, with dose as factor and baseline MADRS total score 
as a covariate. Missing values for the day 92 MADRS total scores were 
imputed from the last available MADRS total score using a last obser-
vation carried forward approach, under the assumption that this was 
a conservative imputation (it was assumed that more relapses would 
occur in the placebo group, and that relapsed subjects would have 
deteriorated further had they remained in the study, so this imputa-
tion method was conservative in terms of the estimation of a treatment 
effect). This ensured the main analysis of the primary endpoint was 
not left unanalyzable due to high relapse rates in some groups. Time 
to relapse (defined as an MADRS score ≥22) was evaluated by Kaplan–
Meier analysis, with restricted mean survival time calculated for each 
treatment group and differences compared with the placebo group.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Deidentified individual participant data and the data dictionary will be 
made available 24 months after publication. Proposals with specific 
aims and an analysis plan should be directed to P.S.
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Extended Data Table 1 | Estimated marginal mean (95% CI) reduction in MADRS scores on Days 36, 64 and 92, by treatment 
group, in the double-blind treatment phase with MMRM
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Extended Data Table 2 | Patient response rates on Days 36, 64 and 92
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Extended Data Table 3 | Patient remission rates on Days 36, 64 and 92
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Extended Data Table 4 | Change in CGI-S and PGI-I between Day 1 and Day 92 in patients who completed BEDROC
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Extended Data Table 5 | Comparison of relapse odds ratios in relapse prevention antidepressant trials in TRD and non-TRD 
patient populations
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